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Army Air Forces, Materiédl Command
TESTS OF FOUR MWDELS REEEESENTING TNTERMEDIATE . SECTIONS
OF THE XB-33 ATRPLANE INCLUDING SECTIONS WITH
SLCTTED.FLAP AND AIFERQNS
By Ira H. Abbott

INTRODUCT ION

At the request of the llateriul -Comnand, Army Air Forces, tests
were mede in the Langiey two-dirensional tunnel of four models sub-
mitted by the Glenn L., Martin Company as intermediate sections of the
wing of the ¥B-33 airplane. The models were of 2L-inch chord and
were constructed of wood with aressure-distribution orifices. The
models were identified by station numbers of 8%, 250, 430, and 620,
respectively, ol the wing of the XB-33 airplane, This wing is
formed by fairing betwcen an NACA £5,2-222 a = 1 root section and
an NACA 65,2-L15 a = 0.5 tip section.

Sections nurmber 85 and ;30 were represented by simple airfoil’
models without [laps.

Section nuwher 250 wos represented by a model complete with
slotted flap, Tests on this section includad lift, drag, and
pressure~distribution measurements with various flap deflections.
Several alterations of the flap and several alternate flap positions
were tested to ob'bain improved flap characteristics.

Section number 620 wag represented by a model with alternate
allerons of the Frise and internal-balance types, Tests of this-
section included 1ift, drag, hinge-moment and pressure-disztribution
measurements with various deflections of each aileron. The aileron

hinge moments were obtalned by intcgration of precsurs distributions
over the allerons.

Most, of the data were obtained at a Reynolds number of approxi=
mately 6 million although some data were obtained at approximately
3 and 10 million. The-large number of pressure-distribution diagrams
obtained are not presented in this report.
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METHODST

Lift and drag measurements were made by the methods described
in referenco 1. The moment coefficlents presented were obtained by
integration of the diagrams obtained by plotting the pressures against
the nrojection of the orifice locations oi the chord line. These
noment coefficients accordingly do not contain the component of
monent associated with the chord force.

Alleron hinge-moment coefiicients were obtained from pressure-
distribution measurements, In this case two diapgrams were integrated
to obteln each moment coefiicient, the pressures Leing olotted,
rogpectively, against the orifice projectinns on tha reference line
and on a line perpendicular to the reference line., In some casss,
especially for negative deflectlons of the Frise aileron, the orifices
were not located sufficiently close together to define adequately the
pressure distribution thus introducing a possible errsr in the hinge-
moment coefficients,

1 .

At the tine this report wes originaliy nublished, some of the
corrections required for reducing the test date te free-air con-
ditions had not beeh determined. The valuss of scction 1ift
coefficient c5 (figs. 1 to L) for the meclels corresponéing to
stations &5 an& 1130 should be corrected by the equeticn

C: = 00965 Cz +4 0,007
(corrected)

The section 1lift coafficients of the wmodel norresponding to
stetion 250 (fizs. 6 to 3 aad figs. 1b tc 18) should te corrected by
the equation

? . )
. (corrected)
where the valtes of X are 0,005, 0,02, 0,03, and 0.0l for flap
deflections of 0°, 20°, 30°, and LO°, respectivelr,

The section 1if't coefficients of ths mndel corresponding to
station 620 (figs. 20 to 22 und figs. 2l to 26) should be corrected
by the eguation

- 0.965 Cz + 0,030 cz ,
a=1°

c3
(corrected)

where 3y o is the saction 1ift coefficient at an angle of attack of 1°,
],



RESULTS AND DISCUSSION

- Stations 85 and L30,- Lift and drag data obtained for the models
representing wing sections at stations 65 and 430 are presented in
figures 1 to 4 The 1lift characteristics of the two sections ere
similar except that the thimmer outboard section shows an appreciably
higher maxiimm 1lift coefficient than the inboard section at the
highest Reynolds numbor (figs. 1 and 3), Also presented in figures
1 and 3 are the moment coefficients assoclaled with the normal-force
coefficlonts as obtained from pressure distributions, The minimun
drag coefficients of the two sections (figs. 2 and L) are nearly the
same, Outaide the low-drag range the drag coefficients increase-
rapidly with 1ift coefficient., Recent work (reference 2) indicates
‘that sections as thic! as that at station 85 are critical to separation
" when accidentally roughened and thet such secticns may have drag
coefficients so high (fiz. 3 of reference 2) when rough as to seriously
effect flight at cruising 1lift coefficients, These data indicate the
desirabllity of reducing the thickness rctio of the root section.

Stetion 250.- The model which represented the wing section at
station 250 was equipped with a slotbed {lap as shown in figure 5,
The flap arranzement was such as to leave a gap in thoe lower surface
when retracted., Lift and drag characteristics for the model are
presented in fisures 6 anc 7 for flap deflections of 0P, 20°, 30°,
and 40% For the flap-retracted conditiom, tests were nade with the
slot svaled to preveny flow throuzh it without change in external
centour, '

The moxliwm 1ift coefficients for flap deflections of 30° and
Lo° were nearly the same, about 2,7 (fige 6)s» The drag with the gmp
open, flap retracted, was high (fig. 7) and the data showed coneider=
able scatter which is thought to be assoclated with spanwise flow cf
low=energy air in the gap intc or avay from the survey plane, even
though dams were placed in the gap to prevent such flow from extending
very far along the span. This condition resulted in variation of the
measured drdg coefficients along the span., The drag curve in figure 7
is dotted to indicate the estimated drag coefflcients.

. Several alternate flap pcsitions wero tested with the flap
deflécted 30° to study the effect of flap position on maximum lift,
The results are presented in figure 8, The {lap was moved varallel
. and perpendicular to the airfoil chord line from tne original position
by amounts shown in figure 8 in fractions of the airfoil.chord. The
best position was found to be 0,0lc higher than and 0,005c aft of the
origingl position. The meximum 1ift coefficient in this position
was 2.8,




Several modifications of the flap as shown in figures 9 to 13
were tested to determine their effect.

Condition A (fig. 9) represented a buffer of rubber or other
material inserted in the slot in such a manner as to seal it with
the flap retracted. This modificatlion caused little change in 1ift
characteristics (fig. 1) and small changes in drag (fig., 7) with
the flap deflected 30°.

Condition B (fig. 10) repmresentcd a condition vith a filler
bloek to falr out the zap in the lower surface with flep retracted.
This condltion was represented by £illing the gap with modeling clay
with flap retrzccted end by a properly shaped piece of wood with flap
deflected, This condition did nut change the 1lift characteristics
with flap retracted (fig. &) and recduced the drag coeffizient, flap
retracted, by about 0,001 in the low-drag range as compared with the
original condition, gap open and slot sealed (fig. 7)e The drab in
this condition was practically that to Le expected for the plain aire
foil, The maximum 1ift, however, was verr low with flap deflected
in this condition (fig. 1h) , indicating the need of a door to close -
the gap with this trpe of flap.

Conditions € and D (figs, 11 and 1) represent attempts to
recuce the drag with flap neutrel without the use of a door by
reducing the size of the gap. The results showed -that the filler
blocks did mot reduce the drag, flap retracted (fig. 15), and caused
losses in maximum 1lift coefficlent (fig. 1),

Condition E (figz. 13) was a modification.of thn slot entry by
cutting it back to an angle of 53° from the chord line with no radius
et the intersection with the lower surface. Condition F was the same
as Condition E with the addition of a shutter such as might be used
to revolve and close the gap with the flap retracted. These modifi-
cations were tested with the flap deflected 30° in the position
previously found to be best (fig. 8)s The 1lift characteristics
obtained are shown in figure 16, The maximum lift obtained with
elther modification was about the same as for the original condition
with the flap in the best position (fig. 8)s The drag characteristics
of Condition E, with flap deflected 30°, are similar to those for
the original condition (figs. 7 and 17), but the addition of the
shuttsr (Condition F) caused an appreciable increase in drag at 1ift
coefficisnts below about 1.7 (fig. 17)e The srcale effects on the
1ift cheracteristics with flep retracted snd deflected 30° in the
original condition, but in the best position found, are shown by the
1ift curves of figure 18. The maxirmm lift coefficient, flap deflected,
increased from about 2.3 to 2,9 with an increase in Reymolds number
from about 6 to 10 million,
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Station 620,~ The model represemting station 620 was fitted‘with
two .allerons, one of which was of the Frise type (fiz. 19). Lift
and drag characteristics of this model with verious deflections of the
Frise aileéron are presented in figures 20 and 21, - Hinge moments
obtained from pressure-distribution measurements and cross plots of
1ift coefficlents against aileron deflection at various angles of
attack are shown in figure 22. Complete hinge-moment coefficient
curves were obtained only at engles of attack of 2,2° and 11,5°,
The accuracy of the hinge-moment coefficients is somewhat doubtful,
especially for negative alleron deflectidns, bécause the aileron ~
contained too few pressure orifices to adeqnately descrlibe the pressure
distributlons.

The other ailéron was of the internal-balance type (fig., 23),
and data similar to that obtained for the Frise alleron were originally
obtalined-before test of the Frise alleron. The model was later re-
agsembled wlth tlie internsl-balance alleron and retested to obtain
the more nearly complete data presented in figures 2L to 26. The
accuracy of the hinge~moment data for this alleron is believed to be
better than for the Frise aileron beccause the pressure distributions
were better described by the pressure orifices,

The hinge-moment coefficlents presented for the internal-balance
alleron contalin an estimste of the balancing moment resulting from
the seal or curtain, This monent wes sssumned to be equal to that
resuwlting from the applications of a force at ile point of attachment
of the curtain to the aileron, This force was asjumed to act at an
arm of 0,50hC, (fig. 23) and to be equal to

168C
!
—2A

> p

where Ap was the pressure difference acroas the seal (fig. 23).

The two ailerons are of about equal effectiveness (figs., 20, 22,
2}, and 26), The shift of the 1ift curve for the internal-balance
aileron as compared with the Frise aileron (figs, 20 and 2L) is
ascribed to vwarpage of the model before the retest of the internalw
balance aileron., The first tests with this aileron did not show such
a shift. It is thought that general conclusions, with respect to -
hinge moments and effectiveness, are not seriously affected by this
change in the model.

The drag coefficlents for the Friss alleron are about lO=percent
higher than for the intermal-balance aileron in the low-drag range,
aileron neutral (figs. 21 and 25).



The hinge-moment coefficlents for the Frise aileron (fiy. 22)
show the typical tendency to overbalance for nezative deflections
and rather large unbalancing moments for positive deflections. The
hinge-moment &oefficients for the internmal-balance aileron (fig. 26)
are gencrally smaller than for the Frise alleron and show a slight
tendsney to overbalance for certain combinations of alleron
deflection and angle of attack. The rate of change of hinge-moment
coefficients with angle of attack is smaller for the internal-balance
alleron than for the Frise aileron,

Langley lMemorial Aercnautlcal Laboratory,
National Advisory Committees for Aeronautics,
langley Field, Va,, June N, 19L2,
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